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Expanding universe, see 
Cosmological models 
Extranuclear fields 
in angular correlation 
studies, 141-44 
table of values for, 143 


F 


Fermi interaction, 261 
Fermi plot, 272 
Fermi theory of beta-decay, 
264-66 
Fission 
alpha particle induced, 
400, 402, 407 
deuteron induced, 400, 
402, 407 
of heavy elements, 399- 
401, 404-8 
by high energy particles, 
100-2, 399-409 
of medium heavy elements, 
401-4, 407-9 
modes of, 404-9 
neutron emission in, 407-8 
neutron induced, 399, 
404-6 
of polyneutrons, 32-33 
positron-emitting frag- 
ments in, 407 
and spallation reactions, 
402-3 
symmetrical vs. 
asymmetrical, 405-9 
yields, 405-9 
Forbidden beta transitions, 
see Beta-decay 
Fusion, see Thermonuclear 
reactions 


G 


Gamma rays 
betatron production of, 85 
calibration of beam 
monitor, 107 





directional correlation of, 
136-38, 152-57 
and photoproduction of 
pions, 171, 174-76 
polarization correlation in, 
140-41 
spallation induced by, 100 
and spurious coincidences, 
149-51 
See also Photonuclear 
reactions 
Gas, interstellar, 347-52 
Geomagnetism, cosmic rays 
and, 336-37 
Geometry, in coincidence 
detection, 148-49 
Germanium 
atomic weight of, 222 
See also Semiconductors 
Glass, radiation effects in, 
211-12 
Gravitation, contraction as 
energy source, 41, 
44-46, 54-59 
Group theory, use in angular 
correlation theory, 135 


H 


Hafnium!77, gamma cascade 
of, 154 
Heavy water, properties of, 
225-26 
Helium 
beryllium? formation in 
supernovae, 59 
conversion into carbon of, 
54-55 
in hydrogen depleted stars, 
54 


in stellar energy production, 
46-57 
Helium$, properties of, 225-35 
Helium* 
photodisintegration of, 113 } 
see also Alpha particles 
Helium§, beta-decay spectrum 
of, 277 
High energy reactions, 93-102 
secondary reactions in, 102 
Hydrogen 
in carbon-nitrogen cycle, 
50-52 
exhaustion in stars of, 53-55 
mean lifetime in stars, 48 
ortho-para conversion in, 
224, 231 
photochlorination of, 230-31 
thermal properties of, 
224-25 
Hyperfine structure, 235 
anomaly in, 253-54 


I 


Independent particle model of 
nucleus, 248-56 

















asymmetric core modifica- 
tion in, 251-53 
and hyperfine structure 
anomaly, 254 
nucleon moment quenching 
hypothesis and, 252- 
53 
Infrared spectroscopy, 223 
Insulators, radiation effects 
on, 192, 211-15 
Internal conversion 
directional correlation and, 
138-39, 156 
in isomeric transitions, 
246-48 
Ion source, for negative 
hydrogen ions, 80 
Ionized gases, and plasma, 
347-52 
Isobaric triads, 278-79 
Isobars, Wigner or mirror, 
278 
Isodiapheres, 318 
beta-decay energies of, 
316-19 
Isomers, nuclear 
transitions of, 246-48 
classification of, 247 
and nuclear moments, 
246-48 
Isotopes, 221-35 
abundances of, 222-23 
atomic spectra effects of, 
234-35 
chemical equilibria effects 
of, 226-29 
chemical kinetics effects 
of, 229-32 
exchange equilibria of, 
226-29 
mass measurements of, 
221-22 
mass spectra effects of, 
232-34 
molecular spectra effects 
of, 234-35 
phase equilibria effects of, 
224-26 
separation of, 223-24 


K 


K-capture, in angular 
correlation studies, 
142-44 

Kevatrons, 79-80 

voltage doubling technique 
for, 80 
Kurie plot, 272 


L 
Lattice disturbances, see 


Radiation effects 
Lead, isotope abundances of, 


Lead204, gamma cascade 
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of, 153 
Lifetimes, nuclear 
from angular correlation 
data, 130, 141-42, 
147, 157 
in beta-decay, 245-46, 
273-74, 286 
Light elements 
origin of, 27-31, 33 
in photonuclear process, 
119-20 
Linear accelerators, 
electron, 88-89 
progress in construction 
of, 89 
wave guide developments 
in, 89 
Linear accelerators, proton, 
87-88 
focusing developments in, 
88 


Liquid drop model of nucleus, 
309-10, 400 
discrepancies in Fermi 
parameters for, 312 
pairing term in, 309-10, 
320, 331 
shell closure effects, 
314-15 
Lithium, use as beam energy 
absorbers, 366-69 
Lithium nuclei 
in primary cosmic rays, 
8, 339, 359 
in stellar energy produc- 
tion, 47 
Luminosity, stellar, 42-44 


Magic numbers, see 
Nuclear shells 
Magnetic fields 
cosmic, 347-52 
effect on directional 
correlation, 144 
Magnetic moments, nuclear 
in angular correlation 
studies, 143-44 
and pion-nuclear model, 
169-70 
table for odd-odd nuclei, 
255 
Magnet design for 
Synchrocyclotrons, 83 
Main sequence stars, 43-60 
Marine animals, oxygen18 
content of, 228-29 
Mass, of isotopes, 221-22 
Mass spectra, isotope effects 
in, 232-34 
Matter creation theory, 33-34 
Maxwellian distribution, in 
nuclear reaction 
calculations, 53 
Mechanical properties, 
radiation effects on, 
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197-200 
Mercury, meson induced 
fission of, 403 
Mesons 
fission induced by, 401, 
403 


in high energy photonuciear 
reactions, 124 
in nucleon-nucleon inter- 
action, 382-83, 394 
K-Mesons, 182 
yt-Mesons, see Muons 
m-Mesons, see Pions 
T-Mesons, 179-80 
Metals 
angular correlation in, 144 
radiation effects in, 192- 
204 
Meteorites, element 
abundances in, 2-9 
Mirror isobars, 278 
Molecular solids, radiation 
effects in, 192, 
215-16 
Molecular spectra, isotope 
effects in, 234-35 
Molecular structure, isotope 
exchange and, 226-35 
Muons 
and universal Fermi 
interaction, 261, 267 
See also Pions, decay of 


N 
Nebulae, element abundances 


Neutrinos, 261-64, 305, 311 
in stellar energy loss, 58 
Neutron-proton scattering, 
365-95 
Neutrons 
in atmosphere, 63-65 
beta-decay of, 284 
BFs3 counter calibration 
for, 66 
binding energies of, 318 
capture cross section data, 
19, 22 
in cosmic rays, 344-45, 
357 
and carbon!4 production, 
63-65 
cosmogony and capture of, 
19-32 


emitted in fission, 407-8 

excess in abundant 
nuclides, 8 

fission with, 399, 401, 
404-6 


kevatron sources of, 79 
magnetic moment of 
and pion-nucleor model, 
169-70 
moderation in nitrogen of, 
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68 
from photoexcited nuclei, 


and radiation effects, 189 
yield in photonuclear 
reactions, 117-19, 
124-25 
see also Polyneutron 
Nickel°Y, gamma cascade of, 
153, 155 
Nitrogen, moderation of 
neutrons by, 68 
Nitrogen14 
in carbon!4 
66-69 
photonuclear reactions on, 
110-11, 115-16 
Nitrogen, see also Carbon- 
Nitrogen cycle in stars 
Nonequilibrium theories of 
element formation, 
17-32 
Novae, 57 
Nuclear excitation, photo 
absorption and, 119-22 
Nuclear forces 
charge independence of, 
378, 380-83 
in favored beta-transitions, 
279 
in nucleon-nucleon scatter- 
ing, 376-87, 390-95 
parameters of, 383-85 
pion-nucleor interaction 
and, 168-70, 178-79 
repulsive core potential, 
380-83 
Nuclear isomerism, see 
Isomers, nuclear 
Nuclear levels 
in angular correlation 
theory, 131-44 
lifetime measurements of, 
130, 141-42, 147, 157 
Nuclear masses, liquid-drop 
model and, 312 
Nuclear models 
in decay of photoexcited 
nuclei, 120-21 
in photonuclear reactions, 
112-13, 118, 123 
Nuclear moments, 239-56 
and angular correlation 
data, 241-44 
asymmetric core hypothesis 
and, 251-53 
from beta-decay spectra, 
44-46 


production, 


and hyperfine structure 
anomaly, 253-54 

and independent particle 
model, 248-56 

in odd-odd nuclei, 254-56 

Schmidt curves and, 250-51 

of unstable nuclear states, 
240-48 

Nuclear photoeffect, see 


SUBJECT INDEX 


Photonuclear 
reactions 
Nuclear radiations 
angular correlation of, 
129-58 
data from, 130-31, 
151-57 
in deuteron stripping 
reactions, 242-43 
extranuclear field effects 
on, 141-44 
free nucleus theory for, 
136-41 
in gamma cascades, 
154-55 
Hamilton’s theory of, 
132-34 
method and apparatus, 
145-51 
moment measurements 
and, 241-45 
in successive decays, 
243-44 
theory of, 131-44 
directional correlation of 
for alpha particles, 
138, 157 
in beta-gamma cascades, 
139-40, 155-56 
electron shell effects in, 
152-53 
experimental corrections 
in, 151 
in gamma cascades, 
136-38, 152-55 
magnetic field effects 
on, 144 
measurement of, 151 
table of data on, 156 
from polarized nuclei, 241 
Nuclear reactions 
angular correlation in, 
241-43 
induced by high energy 
particles, 93-102 
low energy types of, 93-94 
spallation, 94-100 
stellar and terrestial, 60 
Nuclear reactors, see 
Reactors, nuclear 
Nuclear resonance levels, 
thermonuclear 
reactions and, 51-52 
Nuclear shells, 248-50, 
307-8 
and cosmic abundance data, 
6-8 
discontinuities in beta- 
decay energy and, 
315-28 
energetics of, 326-28 
evidence for subshells in, 
325-26 
experimental data on, 222 
and favored beta-transitions, 
282 
and forbidden beta- 





transitions, 275 
neutron capture data and, 
21, 31 
and once-forbidden beta- 
transitions, 292 
order of energy levels in, 
249 
term diagram for, 307 
Nuclear spins, see Spins, 
nuclear 
Nuclear stability 
and origin of nuclides, 6-9 
and spallation yields, 
95-100 
Nuclear states 
in angular correlation 
theory, 131-44 
supermultiplet theory and, 
278-82 
see also Isomers, nuclear 
Nuclei, origin of, 1-35 
Nucleon-nucleon interaction 
and pions, 176-77 
scattering, 365-95 
angular isotropy of, 
366, 383 
calculation methods, 395 
high energy data, 366-83 
interaction potentials for, 
375-83 
interpretation for high 
energies, 376-83 
low energy data, 383-95 
phenomenological 
treatments of, 394 
Nucleon-photon interaction, 
114 
Nucleon-pion interaction, 
167-79 
Nucleons 
evaporation in spallation, 
99 
excited states of, 168-69 
photoproduction of pions 
from, 171, 174-76 
Nucleor, 168 


Oo 


Ocean, bicarbonate in, 69-70 
Optical properties, 
radiation effects on, 
210-12, 216 
Order-disorder alloys, 
radiation effects on, 
193-95, 203 
Organic compounds, 
carbon isotopes 
effects in, 229-30, 
ay 
Oxygen*”, photonuclear 
reactions in, 110-11, 
} 5-16 
Oxygen*”, terrestial 
variation of, 
222-23, 
228-29 





P 


Pair spectrometer, photon 
flux calibration with, 
107 

Paleotemperature research, 
228-29 

Palladium108, gamma 
cascade of, 152-53 

Paraffins, protio and deutero, 
233 


Phase equilibria, isotope 
effects in, 224-26 
Photochlorination of hydrogen, 

230-31 
Photofission 
of heavy elements, 400, 408 
of medium heavy elements, 
402 
Photographic plates 
and cosmic ray studies, 
336-38 
in cyclotron beam measure- 
ments, 374-75 
fission measurements with, 
401 
in photonuclear reaction 
research, 111, 119-21 
in pion studies, 164, 166 
in spallation studies, 100 
Photoneutrons, betatron 
production of, 85 
Photosynthesis, and carbon14 
studies, 73 
Photonuclear reactions, 105- 


26 
in carbon!2, 110-11, 115- 
16, 120 
cross section calculation 
for, 105-9 
photon difference method, 
106-7 
total spectrum method, 
106-7 
transition curve method, 
109 
decay of photoexcited 
nucleus in, 110-22 
dipole resonance absorption 
in, 112-13 
effective photon energy in, 
107-9 
energies of, 105-9, 115-17 
experimental techniques for, 
105-9 
with high energy photons, 
122-26 
high order reactions in, 
122-24 
low energy region of, 109- 
22 


multiple bombardment 
methods in, 106-7 

neutron yields in, 117-19, 
124-25 

nuclear photoeffect in, 
113-14 
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photoneutron reactions, 
114-19 
photoproton reactions, 
114-17, 119, 125-26 
photo stars in, 124 
proton yield in, 119 
quadrupole absorption in, 
110-11 
resonance effects in, 117, 
123 
single bombardment 
method in, 107-9 
table of (¥,n) reactions, 
108, 114-17 
table of (y, p) reactions, 
109, 114-17 
Piles, see Reactors, nuclear 
Pions 
charge independence 
principle and, 172-74 
decay of, 167-67 
fission induced by, 401, 
403 
interaction with nucleor, 
168-70 
interaction with single 
nucleon, 170-76 
interaction with two 
nucleons, 177-78 
masses of, 164 
and nucleon magnetic 
moment, 169-70 
and nucleon-nucleon 
interaction, 176-77 
parity of, 164-65 
photoproduction of, 171, 
174-76, 178 
scattering in hydrogen, 
170-72 
scattering on deuterons, 
177-78 
spin of, 164-65 
Plasma, cosmic magnetic 
fields and, 347-52 
Plutonium, fission of, 
400, 405 
Polarization correlation, 
see Nuclear radiations, 
angular correlation of 
Polyethylene, in scattering 
experiments, 366-70, 
374 
Polymers, radiation effects 
on, 215-16 
Polyneutron, theory of 
fission of, 32-33 
Polystyrene, in scattering 
experiments, 374 
Positrons 
in angular correlation 
experiments, 147 
from fission fragments, 
407 


Potassium?0, beta spectrum 
of, 291 

Potential fitting for p,p data, 
386 
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Potentials 
Rarita-Schwinger classifi- 
cation of, 375-76 
repulsive core type, 380- 


83 
Prometheum!47, beta 
spectrum of, 290, 293 
Proton-neutron scattering, 
365-95 
Proton-proton chain, stellar 
energy production and, 
48-53 
Proton-proton scattering, 
365-95 
corrections in low energy 
measurements, 388-90 
high energy data on, 366- 
75 
low energy data on, 385-94 
see also Nucleon-nucleon 
scattering 
Protons 
beam measurement by cll 
method, 373-75 
capture reactions in stars, 
47 


in decay of photoexcited 
nuclei, 121 

fission induced by, 401-3, 
406 


isomeric state of, 383 

in primary cosmic rays, 
64-65, 336-37 

scattering of thermal 
neutrons by, 384 

yield in photonuclear 
reactions, 119, 125- 
26 

see also Hydrogen 

Proton synchrotron, see 

Cosmotron 


Q 


Quadrupole photon absorption, 
see Photonuclear 
reactions 

Quartz, radiation effects on, 
212-15 


R 


Radiation effects 

atomic displacement 
theory in, 188-89 

cold work analogy in, 190- 
91 

on creep, 200 

and crystal structure of 
metals, 193-96 

on diffusion rates, 200-1 

in glass systems, 211-12 

in insulators, 192, 211-15 

interstitials and vacancies 
in, 190 

kinetic studies of, 191, 
200-4 
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in metals, 192-204 
in molecular solids, 192, 
215-16 
on optical properties, 
210-12, 216 
in order-disorder alloys, 
193-95, 203 
on polymers, 215-16 
in precipitation -hardening 
alloys, 195 
rate processes and, 191, 
200-4 
in semiconductors, 192, 
204-11 
in solids, 187-216 
electrical properties 
and, 196-97 
mechanical properties 
and, 197-200 
physical properties 
and, 189-90 
research summary of, 
191-93 
surface effects in, 212 
on thermal properties, 
212-15 
thermal spike concept 
in, 188, 191 
unit displacement energy 
in, 188 
Radio, fade outs of, 344-45 
Radio telescopes, in cosmic 
ray research, 344, 
361 
Radioactive sources 
critical thickness of, 
149-50 
preparation of, 146 
Radiocarbon, see Carbon!4 
Radiochemistry 
in fission studies, 402-4 
in spallation studies, 100 
Radium E, beta spectrum of, 
296-99 
Rare earths, isotope shifts 
in, 235 
Rate processes, radiation 
effects and, 191, 
200-4 
Reactors, nuclear in 
radiation effects 
research, 200 
Red giant stars, energy 
production in, 56-57 
Resolving time, of coinci- 
dence circuits, 147- 
48 
Resonance effects, in 
photonuclear reactions, 
117, 123 
Rubidium®8, gamma 
cascade of, 153 


Scattering 
experimental corrections 
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for, 149-51 
nucleon-nucleon, 365-95 
Schmidt limits, 251 
Scintillation spectrometers, 
in angular correla- 
tion experiments, 150 
Selection rulse, in beta- 
decay, 268-71 
Semiconductors, radiation 
effects in, 192, 
204-11 
Separation of isotopes, 
223-24 
Shielded nuclear species, 
8, 31 


’ 
Solar flares 
cosmic ray intensity and, 
343-45 
cosmic ray neutrons and, 
65 
Solids 
directional correlation of 
radiations in, 143, 
152-54 
field strengths in, 143 
radiation effects in, 
187-216 
Solid-state physics, see 
also Radiation effects 
Space charge, in a plasma, 
347 


Spallation, 94-100 
and compound nucleus 
concept, 97-98 
and fission, 100-2, 402-3 
and ‘‘hit and run’’ model, 
97-98 
by photons, 100 
yields of, 99-100 
Spectrograph, magnetic, 
146-150 
Spectrometry, mass, 221- 
23 


Spins, nuclear 
from cross section at 
resonance, 242 
table for odd-odd nuclei, 


255 
Stable nuclei, occurrence 
of, 311-15 
Stars 
carbon-nitrogen cycle in, 
50-52 
Chandrasekhar limit in, 
46, 54-55 
with convective core, 45- 
46 
element abundances in, 
2-9 


empiral data on, 42-44 

energy production in, 
41-61 

equilibrium relations in, 
53-55 

main sequence 

energy production in, 

52-53 





properties of, 43-44 
novae, 57 
proton-proton chain in, 
48-50 
red giants, energy 
production in, 56-57 
structure of, 44-46 
supernovae, 57-59 
surface composition of, 44 
thermonuclear reactions 
in, 46-52 
variable, 57 
white dwarfs, energy 
production in, 55-56 
Stars, nuclear 
photon production of, 124 
in spallation reactions, 
100 


Statistical theory of nucleus, 
see Liquid-drop model 

Stellar models, 13-16 

Subnuclear particles, 163-83 

see also, {-Mesons, 

Pions, T-Mesons, 
V-particles 

Sun 


cosmic rays and spots on, 
344-47, 355-57 
energy production in, 52 
Superconductivity of 
separated isotopes, 
226 
Supermultiplet theory, 
278-82 
Supernovae, energy pro- 
duction in, 57-59 
Synchrocyclotrons, 83-84 
beam energy control in, 
366-69 
beam extractor develop- 
ment, 84 
internal target effects, 83 
primary beam measure- 
ment in, 366-68, 
373-75 
reduction in magnet cost 
for, 83-84 
use in scattering research, 
366-75 
Synchrotrons, electron, 87 
beam extraction in, 86 
see also Betatrons 
Systematics, beta-decay, 
305-32 


z 


Thermal diffusion, isotope 
separation and, 223 
Thermal properties 
of hydrogen, 224-25 
radiation effects on, 212- 
15 
Thermal spikes, 188, 191 
Thermonuclear reactions 
effect on element 
abundances of, 3, 6, 29 














rate of, 47, 50 
Maxwell distribution 

effects, 53 

in stars, 46-53 
Thorium, fission of, 400, 


407 
Thorium228 (RdTh), gamma 
cascade of, 153 
Three body problem, 395 
Thulium! » gamma 
cascade of, 153 
Trees, carbon!4 in, 71 
Triads, isobaric, 278-79 
Tritium, thermal properties 
of, 224-25 
Turbulence, in interstellar 
gas, 349-52 


U 


Ultrasonic radiation, effect 
on exchange, 232 
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Universe, origin of, 1-34 
Uranium 
charged particle fission 
of, 399-401, 404-7 
disproportionation in 
water, 231 
high energy fission of, 
399-401, 404-7 
isotope shift in, 235 
meson induced fission of, 
401 
photofission of, 400 
Urca process, in supernovae, 
58 


Vv 


Van de Graaff generators, 
see Electrostatic 
generators 

Variable stars, energy 
production in, 57 
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V-particles, 180-81 
Ww 
White dwarf stars, energy 
production in, 55-56 
Wood, carbon!4 in, 70-72 
x 


Xenon!31, gamma cascade 
in, 154 


Y 


Yttrium91, beta spectrum 
of, 289-90 


Zz 


Zinc, spallation of, 
96-97 





